1 King's College Circle confocal microscopy (LSCM). Between nuclear cycles 9 and 14, the Drosophila embryo is a syncitium in which Toronto, Ontario M5S 1A8 Canada the nuclei localize at the embryo surface, allowing visualization, and injected material can diffuse throughout the embryo, reaching many nuclei and spindles.
sophila embryos were injected with rhodamine-labeled locked in the GTP-bound state that does not inhibit nuclear transport [4, 18], and RanT24N, an allele of Ran wild-type Ran, and its localization was followed by timelapse LSCM. In interphase, the rhodamine-labeled Ran that is locked in the GDP-bound state. RanL43E localized to the nuclear membrane in interphase. Upon NEB, localized to the nucleus and the nuclear envelope ( Figure  2A ) as expected [18] . Upon NEB (as judged by the entry some of the RanL43E remained in the residual nuclear envelope, while some relocalized to the region directly of the GFP-␣-tubulin signal into the nuclear space), Ran did not diffuse throughout the cell but remained around around the spindle, where it remained throughout mitosis ( Figure 2B ). RanL43E, like wild-type Ran, was parthe microtubule spindle throughout mitosis (Figure 2A) . Ran was partially excluded from the chromatin, which tially excluded from the chromatin. Upon reentry into interphase, RanL43E relocalized to the nuclear memcan be seen by the "shadow" at the metaphase plate. Upon reentry into interphase, Ran relocalized to the nubrane. This dynamic localization of RanL43E was repeated in subsequent cell cycles (Movies 3 and 4). In clear envelope and the nucleus. This localization pattern was repeated in subsequent cell cycles (Movies 1 and contrast, RanT24N was imported into the nucleus and colocalized with chromatin throughout the cell cycle 2). No difference was seen between injected Ran loaded with GDP or GTP, suggesting that the nucleotide is freely ( Figure 2D ). The chromatin localization is likely to reflect RanT24N binding to RCC1 (which localizes to chromatin exchangeable; this was also confirmed by in vitro nucleotide exchange assays (data not shown). These data in mitosis, Figures 1A and 1B) , as RanT24N has a higher affinity for RCC1 than either wild-type or RanL43E [18] . place Ran in the correct location to modulate spindle assembly. This finding is somewhat unexpected and As RanT24N and RanL43E each only reflect one nucleotide-bound state, GDP and GTP, respectively, their loimplies that Ran, in this system, is constrained to the region around the spindle, allowing it to carry out its calization is indicative of the highest affinity interactions of Ran in either of the nucleotide-bound states. Theremitotic function. This concentration of Ran is unlikely to occur via a direct interaction with spindle microtufore, as the mitotic localization of RanL43E reflects very closely that of wild-type Ran, it follows that the bulk of bules, as Ran does not specifically colocalize with microtubules. Instead, Ran's restriction to the region Ran in the vicinity of the spindle is in the GTP-bound state and that the chromatin is the site of nucleotide around the spindle probably occurs via an uncharacterized mechanism. exchange in vivo. Taken together, these data suggest that, in vivo, Ran remains around the spindle throughout To examine the possible nucleotide-bound state of the Ran around the spindle, Drosophila embryos were mitosis and that this Ran is in the GTP-bound form. These data are consistent with the recent finding that injected with rhodamine-labeled RanL43E, an allele 
RanGTP is found in the vicinity of chromatin in vitro
Interestingly, the injected rhodamine-labeled RanL43E also localized to motile punctate structures ( Figure 2C ).
[13]. In addition, it demonstrates something that is not predicted by the model: in vivo, in this system, the majorThese structures were rarely seen in embryos injected with rhodamine-labeled RanGDP, RanGTP, or labeled ity of Ran remains around the spindle in mitosis, and this Ran is in the GTP-bound form.
importin ␤ (Figure 3B ). The structures are formed upon the fragmentation of the nuclear envelope of the mother could stabilize these structures, allowing their visualization. Since these structures accumulate at the centronucleus, in the region in which the metaphase plate once was, during the rearrangement of the nuclear envelope some, an additional possibility is that the RanL43E stabilizes the vesicles and either slows or prevents their to form two new nuclei (Movies 5 and 6). The structures are very motile and move toward the newly forming fusion with the existing nuclear envelope, an explanation consistent with the previously described requirement nuclear envelope and the centrosome. In the presence of injected wild-type Ran, these structures, upon arrival for a cycle of GTP hydrolysis for nuclear envelope vesicle fusion in vitro [22, 24] . The inhibition or reduction in at the nuclear envelope, fuse with it (Movie 6). In contrast, in the presence of injected RanL43E, the structures vesicle fusion with the nuclear envelope would account for the accumulation of RanL43E-labeled vesicles at the persist and often accumulate at the centrosome ( Figure  2C and Movie 5). The movement of these structures centrosome. It is tempting to speculate that our results reflect a requirement for the RanGTPase cycle in vesicle probably occurs via the action of dynein, a minus enddirected microtubule motor, as the structures moved to fusion to the nuclear membrane in vivo. the minus end of the microtubules, which are organized at the centrosome. This is consistent with the recent Nuclear Proteins Redistribute throughout the Embryo during Mitosis observation that dynein has a role in nuclear envelope dynamics [19, 20] . Several explanations for the appearAs NEB is incomplete in Drosophila embryos during the early cell cycles that we visualized [25] , one possible ance and accumulation of these structures in the rhodamine-labeled RanL43E-injected embryos can be envisexplanation for the mitotic localization of Ran is that nuclear proteins cannot escape the area surrounding the aged. Firstly, RanL43E should have a higher affinity than wild-type Ran for components of the nuclear envelope, chromatin. To test this possibility, the dynamic localization of a nuclear protein, a GFP-glutathione-S-transfereaseresulting in more RanL43E localizing to these nuclear envelope remnants than wild-type Ran. Consequently, nuclear localization signal fusion protein (GFP-GST-NLS), was followed during the cell cycle. The GFP-GST-NLS these punctate structures may be common, but they are not labeled sufficiently by rhodamine-labeled wildwas quickly imported into the nucleus, but, unlike Ran, which remained around the spindle, GFP- In vitro, Ran is thought to regulate spindle assembly by
